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Abstract
We consider a dynamic of spherically symmetric clumps of scalar ﬁeld n Newtonian approximation. The possibility to form a
hidden mass of the Universe is discussed. Numerical solution of the system of interacting scalar and gravitational ﬁelds is used to
obtain the mass of a clumps.
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1. Introduction
There is no doubt about existence of dark matter - the entity that makes up about 24% of critical energy density.
But the nature of dark matter remains unknown. Plenty of theories were introduced to clarify the question, however
up to this moment there is no general opinion on the issue.
It was pointed that black holes with mass around 1017 g could contribute into dark matter energy density. There
exist a mechanism of primordial black holes (PBH) formation with wide range of masses [1, 2, 3]. In frames of
that model PBHs appear in the early universe right after inﬂationary epoch. Nowadays their evaporation gives rise
in positron and antiproton fractions. Observations of primordial nuclei abundances and CMB anisotropy cut the
parameter space of this model [4], yet it remains valid. In general this mechanism could be suited to match dark
matter energy density, reionization [5] and recent observations of antiparticles in cosmic rays.
Another opportunity given by complex scalar ﬁeld is self-gravitating soliton conﬁgurations, so called scalar or
soliton clumps. It was studied very thoroughly in a number of papers [6, 7, 8]. Here we follow the standard formalism
of these studies to obtain soliton clumps with appropriate mass. The aim of presented paper is to explain dark matter
in terms of such primordial scalar ﬁeld relics, as PBHs and scalar clumps, derived through single mechanism.
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2. Black holes dark matter
The mechanism that predicts primordial black hole formation from scalar ﬁeld ﬂuctuations has been elaborated in
[9, 10].
Consider complex scalar ﬁeld ψ = ϕ exp(θ) during the inﬂation process. This ﬁeld being additional to inﬂaton is
described by the potential:
V(ϕ, θ) = λ(ϕ2 − f
2
2
)2 + Λ4(1 − cos(θ)) (1)
Due to ﬁxed size of the scalar ﬁeld ﬂuctuation on the inﬂationary stage, space splits into a number of causally
disconnected domains in which the ﬁeld value diﬀers. When ﬁeld moves classically to the ﬁeld value θ = π, some
part of the independent domains could jump over the saddle point. Along the boundaries of domains with the phase
θ > π there form closed ﬁeld walls. In the case when domain wall collapses down to its Schwarzschild radius then the
black hole forms.
The process of quantum ﬂuctuations at inﬂation is described in detail in [11, 12, 13, 14]. Since PBHs are forming
during the phase transitions there are a natural requirement
rS ch < dw, (2)
that prevents PBHs of smaller masses formation. If the width of the domain wall is bigger than Schwarzschild radius
rS ch then PBHs of that mass cannot form. Scalar ﬁeld conﬁguration formed in that case could be stable or quasi-stable
and decay with time.
3. Scalar clumps
System of interacting gravitational and complex scalar ﬁeld would lead to non-singular scalar conﬁgurations, so-
called boson stars [6, 7, 8]. Real scalar ﬁeld can’t form a conventional clump since there is no Noether current. But
it is possible to obtain singular solution. However those objects would be dynamically unstable [17, 15, 16]. Another
opportunity to derive non-singular solution in case of real scalar ﬁeld is the use of ghost.
We start with non-relativistic complex scalar ﬁeld in Newtonian approximation. Consider Einstein action in the
form
S = S g + Sm =
M2pl
2
∫
R
√−gd4x +
∫
(gμν∂μΦ∗∂νΦ − m2Φ∗Φ)√−gd4x. (3)
with metric tensor:
ds2 = gμνdxμdxν = (1 + 2V)dt2 − (1 − 2V)(dx2 + dy2 + dz2), (4)
here V - is a gravitational potential. Equation of motions:
−(1 − 2V)Φ,tt + (1 + 2V)∇2Φ − m2Φ = 0, ∇2V = 4πGT00. (5)
Scalar ﬁeld could be written in the form:
Φ = ϕ(x, t)e−imt. (6)
Now ﬁeld equation could be presented as Schrodinger equation:
iϕ,t = − 12m∇
2ϕ + mVϕ. (7)
We will use dimensionless variables mxphys,mtphys → (x, t) and
√
4πGϕphys → (ϕ). Consider clump in the stationary
state
ϕ(x, t) = ϕ(x)e−iEt. (8)
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As a result one gets a system of two Poisson equations. Under the assumption of spherical symmetry it becomes an
eigenvalue problem.
Eϕ =
1
2r2
∂
∂r
(
r2
∂ϕ
∂r
)
− Vϕ (9)
1
r2
∂
∂r
(
r2
∂V
∂r
)
= ϕϕ∗ (10)
Suppose that ϕ is a real function. Asymptotic behavior for ϕ and gravitational potential V is known:
lim
r→∞ϕ = 0 (11)
lim
r→∞V = −
C
r
(12)
Correct soluton of the system is possible only under the appropriate choice of initial conditions, that correspond to
discreet values of energy E. Let us take ϕ(0) = 1, ϕ
′
(0) = 0, V(0) = −1.3418, V ′(0) = 0 and E = 0.6922. Results are
presented on Fig. 1 and Fig. 2.
Fig. 1. Gravitational potential
Fig. 2. Field energy density ρ = ϕ2
Scalar clump mass is given by:
M =
M2pl
m
rc∫
0
ϕ24πr2dr =
M2pl
m
I, (13)
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where m - is a mass of ﬁeld quanta, rc - is a characteristic size of a clump, i.e. the distance where gathered main
amount of ﬁeld energy. From the calculations we can see that I is weakly depends on the initial conditions. The
greater the ﬁeld value the less is a clump size. But thanks to r2 in integrand value of I stays practically constant. In
general the mass of a clumps depends on the mass of scalar ﬁeld quanta.
4. Conclusion
For the scalar ﬁeld mass m ≈ 1eV, 30 GeV and 10 TeV, one correspondingly gets scalar clump mass about 1023 g,
1013 g and 1010 g. A mechanism of primordial black hole formation oﬀers an opportunity to stable scalar con-
ﬁgurations. Notice that relatively massive scalar clumops are concentrated inside small space volume. Indeed the
characteristic size of the clump is about r ∼ 10−4 cm if scalar ﬁeld mass m ≈ 1 eV. Being born in the early Universe
today these objects could be part of hidden mass of the Universe along with primordial black holes. In frames of
that model the number of clumps tightly connected to the number of PBHs since they appear in a single mechanism.
In turn there are a strict constraints on a PBHs density imposed by CMB anisotropy and light nuclei abundances
observations.
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